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[Ag(UO2)3 (OAc)9][Zn(H2O)4(CH3CH2OH)2] (1, OAc = CH3-
COO−) crystallized from an ethanol solution and its structure
was determined by IR spectroscopy, elemental analysis, 1H
NMR, 13C NMR and X-ray crystallography; it is com-
posed of [Zn(H2O)4(CH3CH2OH)2]2+ cations and [Ag(UO2)3-
(OAc)9]2− anions in which triuranyl [(UO2)(OAc)3]3 clusters
are linked by the Ag ion.
Uranium-bearing materials with fascinating structural topologies,
such as uranyl oxide hydrates, phosphates, silicates, selenites,
iodates, sulfates and molybdates have been gaining considerable
attention due to their physicochemical properties that may find
applications in the fabrication of devices with optical, magnetic,
catalytic, fluorescent and electronic properties.1–10 The materials
are dominated by the uranyl dioxo cations (O=U=O)n+ (n = 1–
3) coordinated by various ligands in the equatorial plane, whose
structures and electronic properties are unique to the actinides.11,12
The uranyl ion forms many inorganic polymeric uranium hydrox-
ide species at near-neutral pH values, in which monomeric, dimeric
and trimeric ions are the major examples.13 However, there are
rare solid-state polynuclear uranium–zinc structures including late
transition metals such as silver or mercury in the literature to date.
We are interested in the influence of other closed-shell d10 metal
cations on the shape and luminescent properties of uranyl–zinc
structural units, thus Ag with 4d10 was chosen because its relatively
small size and unique coordination geometry could lead to novel
structural moieties. In the present contribution, we describe the
synthesis, crystal structure and photoluminescent properties of
a novel compound [Ag(UO2)3(OAc)9][Zn(H2O)4(CH3CH2OH)2]
(1, OAc = CH3COO−). To our knowledge, the compound
is the first example containing 3d10, 4d10 and 5d10 transition
metal ions simultaneously, and has a unique uranyl structure
of [Ag(UO2)3(OAc)9]2− units built up from three UO8 hexagonal
bipyramids that join together through the Ag ion.
In a typical synthesis, the reaction of Zn(UO2)(OAc)4·7H2O
and AgNO3 in the presence of 4,6-dimethyl-2-aminopyrimidine
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10.1039/b708799c
in ethanol gave transparent yellow plate crystals of 1.14 In its
IR spectrum (see Fig. S3‡), v(OH), vas(COO) and vs(COO) at
3497 cm−1, 1540 cm−1 and 1459 cm−1 were assigned, respectively.15
In addition, the IR spectrum shows one strong band at 924 cm−1
for the asymmetric uranyl strectch UO22+.16–18 Its structure was
further confirmed by 1H NMR and 13C NMR (see Fig. S4 and
S5‡). Phase purity of 1 is sustained by its powder X-ray diffraction
pattern, which is consistent with that simulated on the basis of the
single-crystal X-ray diffraction data (see Fig. S6‡). It is noteworthy
that when a mixture of Zn(OAc)2·4H2O and (UO2)(OAc)2·2H2O
was used in place of Zn(UO2)(OAc)4·7H2O or AgNO3 replaced
AgClO4 under the same synthetic conditions, 1 also formed.
The role of 4,6-dimethyl-2-aminopyrimidine is assumed to be the
adjustment of the pH of the reaction system (pH values of the
solution before and after the reaction were 5 and 6, respectively,
as indicated by pH paper).
X-Ray single-crystal diffraction analysis19 reveals that 1 fea-
tures an isolated structure with six-coordinating octahedral
[Zn(H2O)4(CH3CH2OH)2]2+ cations and [Ag(UO2)3(OAc)9]2− an-
ions which contain eight-coordinating UO8 hexagonal bipyramids
and an unusual six-coordinating AgO6 octahedron, as shown in
Fig. 1 (see Fig. S1 and S2 and Tables S1 to S4‡). Three UO8
hexagonal bipyramids form a triuranyl [Ag(UO2)3(OAc)9]2− unit
by sharing the Ag1 atom. As far as we know, the triuranyl
[Ag(UO2)3(OAc)9]2− is the first example of the structure which
contains trimers of uranyl hexagonal bipyramids connected only
by the sharing silver ion. The environments of the three uranium
atoms in the trimer are equivalent. Each uranium is axially bonded
Fig. 1 View of the structure of 1, showing the atom labeling scheme and
50% thermal ellipsoids. O (red), and C (gray). All hydrogen atoms are
omitted for clarity.



















































to two oxide ligands through short “uranyl” bonds, forming
uranyl units UO22+. The UO22+ units exhibit U–O bond lengths
ranging from 1.732(9) to 1.743(9) Å. Equatorially, U1 and U2
are separately coordinated by six oxygen atoms from two kinds
of chelating acetate ligands with U–O bond lengths ranging from
2.402(8) to 2.473(8) Å. Surprisingly, the Ag ion is unusually six-
coordinated with a distorted octahedral geometry by bonding
to six l2-O atoms from six different acetate groups chelating
to three uranyl moities. The Ag–O bond lengths ranging from
2.412(9) to 2.483(8) Å and the O–Ag–O angles ranging from
66.0(3) to 66.6(4)◦ are comparable to those in the literature.21 U1,
U2 and U2A make an isosceles triangle with Ag1 at the center.
The neighboring U · · · Ag · · · U interatomic angles are 110.32
to 124.84◦. Bond-valence sums for the cations, calculated using
parameters for the U–O,22,23 and Ag–O24 bonds are 6.07, 5.91 and
1.07 vu (valence units) for U1, U2 and Ag1, respectively, suggesting
that all uranium sites are in the 6+ oxidation state and the silver
site is in the +1 oxidation state. In the [Zn(H2O)4(CH3CH2OH)2]2+
countercation, Zn1 is coordinated in an octahedral geometry with
the ethanol oxygen atoms in trans positions [Zn1–O13(ethanol) =
2.101(8) Å]. Zn1 is equatorially bonded to four water molecules
with Zn–O(w) distances ranging between 2.047(7) and 2.051(7) Å
which are comparable to those in the literature.18,25,26
The crystal packing behavior for 1 is of particular interest. Both
very strong intermolecular O(ethanol)–H · · · O(acetate) (H13B · · · O12 =
1.96, O13 · · · O12 = 2.733 Å, ∠O–H · · · O = 158.1◦) and O(w)–
H · · · O(acetate) [H(w) · · · O(acetate) = 1.94 to 2.36 Å, O(w) · · · O(acetate) =
2.645 to 2.759 Å, ∠O(w)–H(w) · · · O(acetate) = 110.4 to 158.8◦]
hydrogen bonding and electrostatic interactions between the
[Zn(H2O)4(CH3CH2OH)2]2+ cations and the [Ag(UO2)3(OAc)9]2−
anions contribute to the stabilization of the crystal packing of the
compound (Fig. 2 and 3). It is interesting that the octahedral
[Zn(H2O)4(CH3CH2OH)2]2+ cation occupies a big octahedral
position consisting of six adjacent silver atoms and further at
the bigger triangular anti-prism site comprising six neighboring
uranium atoms (see Fig. S3‡).
Fig. 2 Perspective view of the 3D coordination framework in 1 along the
c axis. Zn (blue), U (orange), Ag (violet), O (red), and C (gray).
As is well known, most uranyl-containing compounds emit
green light.27 1 shows typical emission features with fine structure
consistent with those obtained from other uranyl-bearing mate-
Fig. 3 Intermolecular hydrogen bonds in the crystal structure of 1 shown
in dotted lines. All hydrogen atoms, methyl groups in some OAc−, partial
OAc− and dioxo in UO22+ are omitted for clarity.
rials (Fig. 4).28 The emission spectra for 1 at all three excitation
wavelengths produced the characteristic vibronic structure of the
UO22+ moiety as recently described.29,30 The three emission spectra
ranging from 480 to 600 nm excited at three excitation wavelengths
are the same in shape and their normalized intensities are also the
same (see Fig. S7‡).
Fig. 4 Solid-state emission spectra for 1 at the strongest excitation
wavelength 447 nm and excitation spectra for 1 (inset) at the strongest
emission wavelength 501 nm, at room temperature.
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2.34 e Å−3 at 0.0435, 0.0415, 0.2539 (0.97 Å from U1) and minimum
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